Introduction.
UNDER the conditions of hospital organization in this country, the bone tumours which, year by year, fall to the lot of the individual surgeon are few in number. In this generation, however, we are fortunate in being able to draw on the vast collective experience represented in two famous repositories of bone tumours: the Bone Sarcoma Registry of the American College of Surgeons, founded by Codman, and the Bloodgood Collection at the Johns fHopkins Hospital. These two sources have inspired some of the outstanding contributions to the literature of recent years, and much of what I have to say in this paper has been gleaned more especially from the writings of American surgical pathologists.
For my present purposes I have selected from my own limited material of about one hundred bone tumours-accumulated, with few exceptions, during the past twelve years-a number of tumours to serve as a commentary on the clinical picture of three types of bone tumour: the chondroma, the giant-cell tumour and the sarcoma. The Chondromra. The term "chondroma" should properly be reserved for tumours which remain predominantly cartilaginous throughout their life history. This definition excludes the exostosis (or osteochondroma) in its primitive form, but not the tumour which results from the proliferation of the cartilaginous cap of an exostosis, and which is indistinguishable from the pure chondroma.
The chondroma may be represented by two main clinical types: (I) the solitary chondroma of the long bones and-flat bones, (II) the enchondroma, single or multiple, of the digital bones of the hand and foot. Both types originate in childhood, are generally discovered before the end of the second decade, but not infrequently escape recognition until a later stage.
(I) The Solitary Chondro-ma: General characteristics.-The favourite sites for the solitary chondroma are (1) the ends of the major long bones: femur, tibia (especially the region of the knee), and humerus; and (2) the pelvis. Althouoh these tumours may be classified as "psrio3teal" growths, it must be realized that the chondroma tissue often penetrates for some distance into the interior of the affecked bone. This is an important observation in relation to the effective excision of the tumours and their liability to recur locally.
The clinical picture of the solitary chondroma is familiar to all surgeon3: the small tumour, unsuspected in the early stage; the absence of symptoms for some years; and later:the appearance of a tumour large enough to be palpable or visible. Some tumours grow slowly throughout their course; others grow rapidly from the beginning.
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The radiographic picture of the large chondroma is characteristic ( fig. 1 ); a dense shadow with a feathery outline, composed of deeply calcified "splashes." The contrast in density between the tumour shadow and the adjoining bone is striking. Very rarely the tumour is completely invisible. (Cases 4 and 5.) To the naked eye the chondroma appears as a well encapsuled, lobulated mass of semi-translucent cartilage. The bulk of the tumour shows a uniform histologyadult cartilage, mixed with embryonic cartilage, and here and there the stellate cell areas of the myxoma pattern. Small patches of ossification are also common, but conversion into bone on a large scale rarely, if ever, occurs. (See Case 1.) Special clinical features.-The solitary chondroma assumes special interest and importance to the surgeon, when a tumour (1) attains to relatively enormous dimensions; (2) becomes locally invasive and destructive; or (3) undergoes malignant transformation. Lar'ge'chondromna arising from the front of pubis. Note thle feathery outline and the patches of dense calcification.
(1) The large tumour.-A solitary chondroma, hitherto small and quiesceent, may show renewed activity at almost any age-period-childhood, adolescence, middle age, or even advanced life.
It 'is importIant to realize that the onset of rapid growth and the attainme'nt of enormous size may be seen in encapsuled tumours which retain their benign qualities. Rapid growth and large size, per se, are not pathognomonic of the advent of malignancy,
In certain regions there are obvious risks attached to the presence of a large growing tumour. But on the whole pressure signs are late phenomena, even iin gigantic growths. The significance of rapid growth and unusual size is illustrated in the followingum rs (iii) Tumour invading the interior of the shaft, but no clinical or histological signs of malignancy.
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(2) Local invasion and destruction.-Although the stalk of a. chondroma often penetrates into the interior of the affected bone, the average tumour increases in size without in any way weakening the bone at the site of its origin. Occasionally, however, a chondroma may become invasive and destructive, but without the loss of its benign characters. In such circumstances spontaneous fracture may occur-a most unusual phenomenon in the career of the solitary chondroma. An example of this uncommon complication may be recorded here. Treatment. -(21.6.27 ). Excision of head and neck of feinur wvith attached chondromia. On opening tbe hip-joint capsule, the femoral neck was seen to be encircled by a lobulated tumour imperfectly encapsuled. An attempt was made to excise the cartilaginous masses, which were unusually friable; this proved impossible, and it was found necessary to resect the neck and head of the femur en masse with the remains of the tumour. (3) Malignant transfor-mation.-It is.generally taught that a small proportion of innocent tumours of the fibro-cartilaginous group ultimately become malignant. But many of the examples of malignant degeneration in a choindroma or exostosis recorded in surgical literature, lack convincing histological proof. It is obvious that the presumed malignant change has been simply the occurrence of unusually 76 Proceedings of the Royal Society of Medicine 6 rapid growth in a benign encapsuled tumour. More than seventy years ago, Sir James Paget [11 gave a striking description of the neglected cartilaginous tumours, which grow to gigantic size, and, as he said, "imitated the progress of
There is, however, ample evidence that an osteogenic sarcoma may develop at the site of a chondroma or exostosis. The American Sarcoma Registry includes undoubted specimens verified by Kolodny [2], Phemister L3] and others. The Johns Hopkins collection also contains a group of tumours-formerly regarded by Bloodgood as the rare myxoma of bone, which are now believed to be chondrosarcomata arising in pre-existing benign fibro-cartilaginous growths. (Geschickter [41.) The study of these " sequential " tumours has emphasized the difficulty of establishing the histological criteria of malignancy. It is also to be noted that the tumours are extremely radio-sensitive, and after local excision or amputation provide an unusually high percentage of five-year cures. True malignant transformation is usually seen after the age of 356 and is heralded by a rapid increase in the size of the, tumour, which, sooner or later, shows the unmistakable clinical signs of a sarcoma of bone. The following example of a gigantic chondronma is perhaps rather suggestive of malignant transformation, but the final proof afforded by autopsy is wanting. B'istory.-Pain on anterior aspect of left thigh for eighteen m--onths, occasionally radiating down to the ankle. Ten days before reporting at hospital swelling was discovered above the left hip.
On examination.-Decrepit looking individual. A large globular tumour involving the posterior part of the left ilium, extending into the iliac fossa and outwards into the buttock. Tumour firm, but not stony hard; painless to touch; no objective signs of pressure on any important structure. Movements of the hip-joint free. No clinical or radiological evidence of primary or secondary growths elsewhere. Wassermann test, negative.
X-ray.-Some irregularity at the lower margin of the left sacro-iliac joint. No evidence of gross destruction or expansion of ilium; no extra-osseou's shadow.
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Treabnent.-(1) 15.6.26. Exploratton of tumiour. The gluteus maximus was split and the tumour capsule exposed. A small portion of typical chondromatous tissue was evacuated. Rapid histological section showed the structure of a chondroma. The tumour was regarded as benign, but owing to its size and the general condition of the patient, complete excision was impracticable. Wound closed and arrangements made for radium treatment.
(2) 22.6.28. Re-excploration of tumou'r. Insertion of radiu2n needles. In order to expose a large part of the tumour the muscular origins were stripped from the iliac crest. Eight radium needles were inserted at various levels into the tumour mass. Subsequent progress.-Some sloughing of the wound followed and healing was slow. Six months later a large tumour was easily palpable in the buttock and iliac fossa; the patient's general condition had in no way deteriorated.
Result.-iDeath took place one year and ten inonths from the date of the operation.
The tumour had increased to a tremendous size, but no information regarding possible malignancy was available.
Comments.-An enormous chondroma of the ilium in a man of -70, with a short clinical history. Tumour encapsuled and on histological evidence benign. (II) Enchondroma (Myxochondromra).-We may now glance at the chondroma in its miniature guise, as a tumour of " central " origin, with a special predilection for the long bones of the hand and foot. This almost exclusive skeletal distribution is well exemplified in the Johns Hopkins material, in which out of 70 central chondromata, three only involved the major long bones (femur, 2; tibia, 1).
The digital enchondroma originates in early childhood, in the growing end of a phalanx, a metacarpal, or less commonly a metatarsal. In the course of its evolution a tumour may give rise to a variety of changes: (1) The interior of the shaft may be invaded until it becomes almost completely occupied by tumour growth. A bone so transformed may retain its cartilaginous structure for years, but in later life a considerable degree of spontaneous reconstruction may be seen. (2) A solid cartilaginous nodule may push its way to the surface and form a localized tumour, especially appreciable on clinical examination (hg. 7). (3) The chondroma may be converted into. a miniatuire bone cyst.
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These various phases may be followed in radiograms of multiple chondromata, in which the typical combination of solid tumours and chondromatous transformation of a number of digital bones may be demonstrable at the same epoch.
Two clinical types of digital chondroma may be conveniently recognized: (a) the solid tumour; and (b) the chondromatous cyst. (a) Solid tumours.-Solid chondromata occur as either single or multiple tumours. When bilateral their distribution is usually asymmetrical. Like multiple exostoses, to which they are closely allied, multiple enchondromata represent a special type of hereditary growth disturbance. The majority of the tumours become apparent under the age of ten, and if ignored may grow to enormous dimensions.
Operative treatment is indicated in rapidly growing tumours which have become unsightly, and a source of inconvenience. Complete excision, with curettage and cauterization of the tumour bed, is essential, as there is an undoubted tendency to local recurrence. When a phalanx bearing a solid tumour has been largely converted into chondromatous tissue, effective curettage may lead to -the collapse of an incomplete and fragile bony shell. In such circumstances the shell should be packed with autogenous bone chips, and the digit carefully splinted. For mechanical reasons it is wise to remove multiple tumours at successive operations. [5]. It will suffice to recapitulate the main clinical and pathological facts.
The cysts are more commonly single, and usually arise in the metaphysis of a proximal phalanx or metacarpal, the favourite digit being the little finger. The majority of chondroma cysts develop insidiously, remain symptomless for a long time, and are revealed accidentally in a radiogram obtained after some comparatively minor injury to the hand or foot. During the stage of active expansion, when the cyst wall is thin, spontaneous fracture is a common event.
I have already shown that a proportion of these miniature cysts which, on clinical and radiological evidence, might pass as enchondromata, actually belong to the ostitis fibrosa group. Multiple-lesions are more likely to be chondromata but in single cysts, a differential diagnosis is possible only after a histological examination of the cyst contents. For diagnostic purposes the chondroma and ostitis fibrosa embrace the whole morbid histology of the cysts of the digital bones, a region in which the true giant-cell tumour and osteogenic sarcoma are almost unknown.
The special interest of the chondroma cyst lies in its microscopic anatomy, in which is displayed, par excellence, the active cellular picture of the myxochondroma, a tumour to be regarded with suspicion when appearing as a central tumour of a major long bone. In the miniature bones, however, the myxochondroma behaves in every respect as a benign lesion.
Treatment.-It has been my practice in the past to explore all digital bone cysts discovered during the stage of active expansion, or after the occurrence of spontaneous fracture. The rationale of the operation is based on the rapid and permanent healing of the cyst, which follows effective curettage, cauterization, and the insertion of bone grafts. Thick-walled cysts in a state of quiescence should be left untouched.
The Giant-cell Tumoutr or Osteoclastoma.
Of the several titles under which this tumour is known, perhaps the most appropriate is the one in current use in America-benign giant-cell tumour. Although, in some respects, this title is non-committal, it is, in my view, an apt description of a lesion wbich represents a clinical rather than a histological entity.
The alternative titles, "myeloma" and "rmyeloid sarcoma," are inaccurate and misleading: myeloma, because it signifies a tumour of specific narrow cells, as in the rare but well recognized affection, multiple myelomatosis"; and myeloid sarcoma, Section of Orthopedics 79 because it tends to attribute a definite malignant significance to a tumour which beyond all doubt is fundamentally innocent.
Clinical picture: Incidence.-One of the surprising facts relating to the incidence of bone tumours in general is the comparative infrequency of the giant-cell tumour. This statement is true only when applied to the endosteal tumour of the long bones, spine, or pelvis. If the familiar epulis of the jaw is included, a different impression will be formed. There is, however, no logical reason why this periosteal lesion, despite its histological characteristics, should be grouped with the giant-cell tumour proper.
The undoubted rarity of the giant-cell tumour is borne out in most hospital statistics. From figures collected some years ago by Stewart [6] , the average quota of giant-cell tumours of the long bones in some of the larger hospitals is one per year per hospital. In my own clinics, during a period which has provided me with twenty-four cases of bone sarcoma and twenty solitary metastatic growths, twelve giant-cell tumours only have fallen to my lot.
The giant-cell tumour as a clinical entity.-I have referred to the giant-cell tumour as a clinical entity. This conception is essential to the practical surgeon, for it allows us to place the tumour in its correct " setting " and to define with some certainty the principles which should guide us in prognosis and treatment.
The broad outlines of the picture of the giant-cell tumour can best be displayed when the tumour is ranged alongside the solitary bone cyst on the one hand, and the true sarcoma of bone on the other. The main points of resemblance and contrast are set forth in Table I (p. 10).
From this comparison, the giant-cell tumour emerges as a clear-cut entity; we note its distinctive age and sex incidence, skeletal distribution, site of origin, sequence of clinical events, and the behaviour of the tumour if its progress is unchecked by treatment. But the tumour tends to lose something of its identity when its histogenesis is contemplated. Here we see the suggestion of a possible relationship between lesions which otherwise are in striking contrast.
Relationship of the giant-cell tumCour to the benign bone cyst.-It has been known for some time to surgical pathologists that the bone cyst and the giant-cell tumour are linked together by a common histological denominator-the giant-cell area. This fact, foreshadowed by von Recklinghausen in his original description of ostitis fibrosa, has led to much confusion in the diagnosis and classification of cystic affections of bone. Its influence can be traced in the earlier beliefs (a) that the giant-cell tumour was a common affection; (b) that its diagnosis rested essentially on histological findings without reference to any special combinations of clinical factors. We must now recognize that the majority of the giant-cell tumours hitherto described under the age of 15, hlave either been cysts, or, in exceptional cases, true sarcomata with an atypical histology.
Some of the giant-cell areas discovered in bone cysts present features whiclh do not always conform to the typical giant-cell tumour histology. This difference is chiefly concerned with the number and size of the giant-cells-which in ostitis fibrosa are often scanty, small, and contain relatively few nuclei.
Between the ages of fifteen and twenty-five-the border-land period-when the cyst is fading out of the picture and the giant-cell tumour is just appearing, there may be some little difficulty in distinguishing between the two lesions. This is most likely to happen in cysts in certain situations discovered about the age of twenty, in which the histology approximates to the typical giant-cell tumour of older individuals; i.e., abundant, large-sized giant cells, with numerous nuclei. In the last analysis, however, it is the clinical syndrome which counts, although on occasion the final diagnosis may be retrospective.
In this connection, the following cases from my personal series are instructive: Case 6.-A. F., female, aged 17. Cyst of Great Trochanter (L). ? Giant-cell Tumour:
? Ostitis Fibrosa. Treatment.- (1.12.22 ). Exploration of cyst: curettage and cauterization. Small perforation discovered in cortex through which a mass of friable reddish-brown tissue protruded; interior of cyst filled with similar tissue; no definite lining; contents evacuated and cavity cauterized, with pure carbolic acid.
Histology.-Very cellular picture-polygonal cells; giant cells large and multinucleated ( fig. 9 ).
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Result.-Nine years later, cyst completely obliterated. Comrments.-A cyst in a patient under the age of 20, in which both the macroscopic and microscopic anatomy of the contents suggested giant-cell tumour rather than ostitis fibrosa; but occurring in a site (greater trochanter) known to be common in benign cysts, but rare in giant-cell tumours. Treatmnent.-(29.10.28.) Exploration of bone cavity; curettage and cauterization. The pubis was exposed after detaching the inner end of Poupart's ligament and part of the rectus insertion. An encapsuled tumour was exposed which occupied the remains of the pubis. This capsule formed the wall of a large cavity containing liquid blood, and a mass of reddish-brown tumour-like tissue. Marked hbemorrhage was experienced, which necessitated tenmporary packing. The cavity was completely curetted, and the interior cauterized with pure carbolic acid. The remains of the bone-shell could be felt along the line of the pubic ramus.
Histology.-Very cellular tissue, chiefly consisting of a mixture of spinidle and round cells; a few giant-cell areas; giant cells scanty. but fairly large with many nuclei; areas of osteoid bone and hbemorrhages. Preliminary diagnosis: giant-cell tumour.
Result.-Four years later no sign of recurrence; no disability. X-ray.-Shows complete re-formation of pubic ramus ( fig. 11 ).
Comments.-(1) A cyst in an unusual situation (pubis) containing liquid blood and tumour-like tissue, suggesting giant-cell tumour, or even sarcoma; (2) a lesion mildly invasive, but cured by curettage and cauterization; (3) on histological grounds, ostitis fibrosa with giant-cell areas conforming to tumour type.
The histological resemblance between the cyst and the giant-cell tumour has tempted certain writers to regard the two lesions as different stages of a single clinical entity. The hamorrhagic osteomyelitis hypothesis of Barrie [7] , is an example of this illogical reasoning, which ignores the simple fact that the giant-cell tumour always behaves like a true neoplasm. Similar objections may be urged towards the creation of such histological entities as the "giant-cell variant of ostitis fibrosa," or the "spindle-celled variant of the giant-cell tumour "-the hybrid lesions described by Geschickter and Copeland in the digital bone cysts [8] . As I have already pointed out, these lesions have no exact clinical counterpart. for, whereas the cyst in certain phases may be treated by operation as a matter of convenience, in the giant-cell tumour complete eradication of the lesion is imperative at the earliest moment. Relation of the giant-cell tumour to sarcoma.-The recognition of the giant-cell tumour as a benign lesion distinct from the true sarcoma of bone, goes back to the time of Paget and Nelaton. In our generation, this view has been vigorously propagated by Bloodgood, who is responsible for the modern treatment of the tumour by conservative surgical methods. But the invasive and destructive activities of this tumour, and its capacity for local recurrence, cannot be ignored.
From time to time the prevailing belief in the innocency of the giant-cell tumour has been shaken by reports of tumours which have been followed by visceral metastases-usually in the lungs. The majority of the so-called malignant giantcell tumours recorded in the literature have been true sarcomata in which the histological picture has been misinterpreted. Such mistakes are likely to be rare in the future, as the histological distinctions between the myeloid giant cell and the malignant giant cell, so clearly enunciated by Stewart (loc. cit.), become more widely appreciated. In the past few years, however, a number of tumours with pulmonary metastases reproducing the typical giant-cell histology, have been described by competent observers and accepted by many authorities. (Finch and Gleave [91, Orr [10] , Dyke [11] .)
The vexed question of the potential malignancy of the giant-cell tumour has been most ably discussed by Geschickter and Copeland [12] in a critical study of eight so-called metastasizing tumours-three from the Johns Hopkins collection, and the remainder from recent surgical literature. The conclusions of these writers are most interesting, for it would appear that on the rare occasions when a proved giant-cell tumour behaves in malignant fashion, it is not an actual transformation of the original tumour, but the superimposition of an osteogenic sarcoma. This sequence of events is liable to occur only in neglected tumours, or in tumours which have recurred locally after inadequate curettage in individuals over the age of thirty.
Thus, whilst increasing knowledge and experience of the giant-cell tumour reaffirms its fundamental innocency, the necessity for prompt and effective eradication of these growths remains unchallenged.
Prognosis and treatment.-The prognosis and treatment of the giantcell tumour in various stages of its evolution may be considered in the following cases from my personal series: . : l . ' d , .
. Treatment.-(1) (3.12.24.) Exploration of tumour: curettage and cauterization. On incising the tumour capsule, very severe hemorrhage occurred. 1t was impossible to eradicate all the tumour tissue, and owing to the condition of the patient the operation was suspended and the cavity packed. (2) Three days later radium tubes were inserted. Patient discharged from hospital with large granulating cavity in right sacro-iliac region. Result.-Seven years later patient still alive, in good health, and following his ordinary occupation. Large depression over the posterior part of the right ilium incompletely lined by skin; at the bottom of this cavity, bone is still exposed and covered by a horny epithelium.
X-ray. (1) A rapidly-growing tumour of the ileum, markedly invasive and destructive; perforation of bone shell with large tumour mass outside the bone, but still encapsuled. Bone cavity contained liquid blood, and profuse hemorrhage was experienced; (2) incomplete curettage followed by radium implantation;
(3) histological interpretation difficult, but the lesion must now be regarded as an atypical giant-cell tumour (this opinion was expressed by Professor J. 0C. Bloodgood, who X-ray.-Shows cystic expansion of internal condyle with slight trabeculation; bone cortex very thin with localized perfora-tion ( fig. 18 ). On further inquiry it appeared that the patient's knee was examined shortly after the injury, and a radiogram obtained which was not available at the time of operation. This radiogram (1.8.28) shows very slight rarefaction in inner condyle with attenuation of cortex ( fig. 19 ).
Treatment.-(5.10.28.) Exploration: curettage and cauterization. Cystic area of internal condyle completely filled up by tumour-like tissue, reddish brown in colour; there was also a little clear fluid. Material curetted out and bone cavity carbolized.
Histology.-Typical giant-cell tumour-giant cells abundant, large and multinucleated. Subsequent course.-(1) Six months later X-ray showed excavated area becoming filled with new bone. -(2) One year and one month later, recrudescence of pain and swelling on inner side of knee; sligVt, effusion, with some bulging and marked tenderness over inner condyle.
X-ray.-Considerable reconstruction in inner condyle, but the cortex appeared rather thin and " crinkly." Local recurrence suspected-re-exploration advised.
Treatment.-(89 .30.) Re-exploration: curettage and cauterization. The remains of the bone cavity entered through the old hiatus; the interior was occupied by dense fibrous Section of Orthopedics-89 tissue containing one or two tiny areas suggesting tumour tissue. The cavity was curetted and cauterized with pure carbolic acid.
Histology.-Spindle-cell tissue and fibrous tissue with no trace of giant cells in any part of the field.
Re8ult.
-One year after second operation: no symptoms suggesting recurrence.
Comments.
- (1) A rapidly-growing.tumour with early perforation of bony shell; (2) effective curettage followed by signs of obliteration of cystic area: histologytypical giant-cell tumour; (3) recurrence of pain and swelling after an interval of nearly two years; (4) re-exploration of the cystic area showed that the cavity was packed with dense fibrous tissue.
These findings suggest that the tumour had healed after the first operation, a view supported by the histology of the material removed at the second operation.
This case illustrates a practical difficulty in the clinical and radiological diagnosis of early recurrence of a giant-cell tumour. Treatment.-(16.11.28.) Resection of Metacarpal with Tumour; repl4acement by bone graft. Tumour exposed and found to consist of solid tissue, dark red in colour. Owing to complete destruction of the bone shell, curettage was impracticable. The remains of the metacarpal, together with the tumnour mass, were excised, leaving the distal articular surface only. After cauterization of the tumour bed a bone graft was impacted into the trapezium and into the cancellous tissue of the remains of the metacarpal head. Result.-(Up to date.) Sound amputation stump; no sign of recurrence.
Comments.-(1) A slowly-growing tumour, attaining considerable size; bony shell very thin, especially in relation to the knee-joint, where early perforation had occurred; spontaneous fracture; (2) amputation necessary for mechanical reasons;
(3) histology of tumour suggests that its invasive qualities are comparatively feeble. made to curette the tumour tissue completely; this was found to be impossible owing to tremendous hemorrhage and the extreme attenuation of the bony shell which separated the knee-joint from the tumour cavity; wound packed; considerable sloughing followed. Comments.-(1) Giant-cell tumour in an unusual situation (fibula) markedly invasive and destructive, with involvement of soft parts and the production of a fungating tumour; (2) treatment by amputation; (3) ultimate fate unknown, but no reason to anticipate recurrence. The S'arcoma. Not the least of the many advantages resulting from the formation of the American Sarcoma Registry, has been the advocacy of a more rational classification of bone sarcomata. The older terminolog,y, in which tumours were variously described according to the predominant cell tissue, consistency, or presumed site of origin, was most unsatisfactory. For the practisiDg surgeon a simple scheme is essential, and preferably one in which the tumours may be presented as clinical types. From this standpoint' three main clinical groups of bone sarcoma may be recognized:
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(1) YThe osteogenic sarcoma-embracing the common sarcoma of bone.
(2) Ewing's sarcoma-a comparatively rare tumour, which is both a clinical and histological entity, and (3) The extra-periosteal sarcoma-an even rarer tumour which, though more or less accidentally connected with bone, cannot be excluded.
Incidence.-It is said that one case of bone sarcoma is found in every 100,000 inhabitants of the United States of America. The figures for our own population are given as one in 75,000. Hospital statistics again offer some guidance on the problem of incidence. Thus, for example, at St. Thomas's Hospital, during a twenty-one year period, 57 sarcomata of the limb bones were dealt with-an average of 2*7 cases per year (Maybury). It should be noted, however, that in thirteen cases in this series no histological report was available, and many of the patients were beyond the typical sarcoma age-period.
(1) Osteogenic sarcoma.-The use of the term osteogenic sarcoma implies the recognition of the common sarcoma of bone as a true osteoblastoma, i.e., a tumour derived from the ancestors of the specific bone cells. This tumour may be furtber subdivided into various histological types, but as Kolodny bas shown, any standardized histological classification is bound to be artificial.
The time-honoured distinction between the periosteal and endosteal sarcoma also carries little weight, for the average tumour begins as a tiny nodule either under the periosteum, or in the cancellous tissue immediately beneath the cortex. In fact, the true central sarcoma producing expansion of bone after the fashion of the giantcell tumour or benign cyst is extremely rare (Bloodgood)-a fact of considerable diagnostic importance.
It seems likely that future surveys of the large mass of material in the two famous American collections will lead to the differentiation of certain histological types of tumour which have a definite clinical counterpart. This trend is already apparent in some of the most recent contributions of'our American colleagueson the subject of bone sarcoma (Phemister, loc. cit.; Geschickter, loc. cit.). For the moment it is wise to reject all elaborate classifications which lack a clinical basis.
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Diagnosis.-The broad picture of the osteogenic sarcoma has already been outlined with the tumour posed for comparison with the giant-cell tumour (see Table I ). As this picture becomes more deeply ingrained in our sense of clinical perspective, early and accurate diagnosis becomes progressively simpler. With increasing experience it is rarely necessary to invoke the somewhat doubtful assistance of a biopsy, a procedure open to serious criticism in sarcoma of the long bones, but which I believe to be legitimate and useful in tumours in other sites, e.g., the pelvis.
There is little need to dwell on the superficial mimicry of osteogenic sarcoma by such non-tumour lesions as myositis ossificans or syphilitic ostitis. The outstanding problem in the diagnosis of osteogenic sarcoma is provided by the solitary metastatic tumour of the long bones in which the primary cancerous growth is latent. In my own experience these secondary growths present themselves at least as often as the 
Tranma-b Pain *Tumour
Pain ->Fracture -ATumour (Fractuxe 8%) (f% (83%) sarcomata, and usually in individuals in the prime of life, in good health, and in whom, for some little time, a careful search fails to disclose any sign of primary cancer.
It must be realized that the clinical term, "solitary metastatic growth," may be a misnomer, and that such a tumour may be simply an outward and visible sign of a group of skeletal metastases demonstrable only in radiograms. For this reason, in all solitary malignant growths of bone in patients over the age of thirty-five, a radiographic examination should be made of the major long bones, pelvis, spine and skull. This simple precaution will obviate many mistakes in diagnosis, and patients with secondary tumours will be spared the ordeal of heroic surgical measures appropriate only in a primary growth.
But a metastatic tumour in the humerus or femur may exist as a solitary growth for some time before the advent of general skeletal and visceral dissemination. At this stage the tumour is liable to be regarded as a primary sarcoma, although, as the accompanying table (Table II) (30.4.30.) X-ray showed increased expansion of multicystic area with definite tumour shadow surrounding the bone (fig. 28 ). Radiograms of other bones showed no changes suggesting metastases. Operation advised and accepted.
Treatment.-(2.5.30.) Exploration of humerus: re8ection of part of shaft with tumour. A completely encapsuled tumour was exposed, containing greyish red tissue with considerable areas of heemorrhage. A rapid section made during the operation gave a misleading report, suggesting that the possibility of a primary tumour could not be entirely ruled out.
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In view of this a considerable lenigth of the shaft of the humerus was resected with the tumour intact; gap temporarily bridged by a large intramedullary peg.
Histology.-Typical thyroid tissue showing various phases in the evolution of thyroid vesicles; no definite histological evidence of malignancy ( fig. 29) . June, 1930. -A re-examination of the thyroid gland-revealed the presence of a tiny nodule in the left lobe. Further radiograms of other bones were obtained, and a metastasis was discovered in the ischium on the left side.
Result.-During the eighteen months which have elapsed since the resection of the tumour, the patient's general condition has remained unchanged. The thyroid nodule shows little if any appreciable increase in size. There is no sign of local recurrence of the tumour in the arm, or of visceral metastasis. The secondary deposit in the ischium has increased in size, but no other skeletal metastases have been discovered up to date. Exploration of the thyroid gland has been suggested, but the patient refuses all further treatment.
Comments.-(1) A primary thyroid tumour, latent for some time;
(2) a metastatic tumour in the humerus; very slow growth-evidently a low degree of malignancy; tumour temporarily mistaken for primary sarcoma. History.-Intercostal pain for six months, diagnosed as spinal arthritis; treated by diathermy, etc. Slipped and fell, sustaining a fracture of the neck of the right femur. Radiogram at that date showed no bony abnormality in the region of the fracture; treated by fixation and traction. Fracture apparently united at the end of eight weeks and splint discarded. Whilst still confined to bed, felt a sudden snap in the upper part of the right thigh; this was followed by great pain and swelling.
On extamination.-(21.8.30.) Marked swelling upper third of right thigh with obvious fracture of the shaft of the femur at this level; traction applied and limb fixed on Thomas' splint.
X-ray showed (1) marked absorption neck of femur with some mottling of surrounding bone; (2) cystic area in shaft of femur at junction of upper and middle thirds.
Wassermann reaction, negative. A diagnosis of secondary malignant deposit was made, but a clinical examination failed to reveal any evidence of primary growth in the abdomen, thyroid, prostate, or elsewhere. Subsequent course.-Pain and swelling in thigh gradually increased, and the fracture showed no signs of union. The patient's general condition deteriorated very slowly, and during the next few months there were no clinical signs pointing to the existence of a primary growth. Owing to the continuance of the severe pain and the increasing helplessness of the patient, at his own request the question of amputation of the limb was considered.
X-ray (5.2.31) showed: (1) Cystic expansion of the great trochanter and base of the femoral neck; (2) increase in size of the cyst in upper part of shaft ( fig. 30) .
Treatment.--(18.2.21.) Disarticulation at hip-joint (R); insertion of radium. After a preliminary ligature of the external and internal iliac arteries, the limb was disarticulated at the hip-joint. During the operation it was impossible to avoid cutting through tumour tissue, which was incompletely encapsuled and invaded the surrounding muscles. Fourteen radium tubes were inserted; a blood transfusion was given, and the patient rallied well from the operation.
Histology.-Suggests hypernephroma. Result.- The amputation flaps healed with a tiny area of sloughing, and the patient was grateful for the removal of his useless and painful limb. Four weeks later he developed anesthesia and paralysis in the remaining limb; paralysis of the sphincters followed, and he died with symptoms of ascending paralysis. No autopsy available.
Comments.-(1) A metastatic tumour producing spontaneous fracture as the first symptom; (2) primary tumour (? hypernephroma) remaining latent up to the time of death; (3) disarticulation of the limb carried out for the relief of intolerable suffering.
Prognosis and treatment.-From this aspect the story of osteogenic sarcoma. makes melancholy reading. It is generally admitted that the outlook is most gloomy in the very young, and more favourable after the age of thirty. We have 98 Proceedinqs of the Royal Society of Medicine 28 little information regarding the prognostic significance of the various histological types of tumour, but the tumours which merit the title of chondrosarcomna are said to exhibit a low degree of malignancy (Phemister, loc. cit.). It should be noted, however, that this special group includes the " sequential" sarcomata engrafted on a chondroma or exostosis.
In the treatment of osteogenic sarcoma of the long bones, amputation is still the method of choice, but disarticulation of the limb is necessary only in tumours of the upper end of the humerus or femur. Following amputation, an effort should be made to postpone the inevitable metastases by the administration of Coley's fluid, and deep X-ray therapy applied to the chest at regular intervals. In the majority of osteogenic sarcomata, pulmonary metastases appear within three years from the time of the removal of the tumour. A number of survivals beyond the five-year limit are on record, but in many the histological interpretation is open to criticism. For inoperable tumours there is little to offer beyond a combination of Coley's fluid and radium, the latter a therapeutic agent which in sarcoma is still sub judice.
29
Section of Orthopadics 99 Some of the more important problems relating to the diagnosis, prognosis, and treatment of osteogenic sarcoma, may be further presented in a brief review of my personal experience of this tumour, which is limited to twenty-one cases. ANALYSIS fig. 31 ). Treatment.-(1) (11.2.21.) Exploration; biopsy. Cavity entered and found to contain fleshy tissue, pale and mottled. Material removed for histological examination.
Histology.-Osteogenic sarcoma; polymorphous cellular picture with much cartilage formation.
(2) (15.3.21.) Amputation mid-thigh. Examination of specimen showed that a large mass of growth had broken through the bone shell posteriorly and extended into the popliteal space; the greater part of the tumour was firm in consistency and showed a considerable amount of cartilage ( fig. 32) Section available forty-eight hours later showed that the tumour was a true sarcoma. Amputation was accordingly advised, but for some weeks permission was refused. -(20.1.31.) Large swelling on dorsum of the left foot over the cuboid region; ulceration of skin with blood-stained discharge.
X-ray showed almost complete destruction of cuboid and part of the adjoining cuneiform and bases of outer metatarsals. No clinical evidence of pulmonary metastases, but radiograms of the chest showed signs of early deposits in the left lung. In spite of these findings amputation was advised in order to get rid of the tumour which was on the point of fungating through the skin.
Treatment.-(29.1.31.) Amputation middle third of leg (L).
Histology.-Osteogenic sarcoma; polygonal cells: ossification from tumour cells.
Result.-Death, with clinical evidence of metastases in lungs and brain five months later.
No autopsy available.
Here are four rapidly growing tumours with a short clinical history and early visceral dissemination, occurring at different age-periods-in the second, third and fourth decades. Case 18, which conforms to the chondrosarcoma type, showed none of the reputed low-grade malignancy of this tumour. The remaining three showed no histological features of special signinicance. Case 20 is a striking example of the fulminating type of sarcoma. The tumour also involved an unusual bone, the cuboid, and produced extensive local destruction and pulmonary metastases within eight weeks from the onset of the first symptom. History.-Pain and swelling right knee, four months' duration. On examination.-(8.2.21.) Right knee swollen with synovial thickening and limitation of movement; some thickening round the lower end of the femur; clinical appearance suggested tuberculous arthritis.
X-ray showed cavitation in interior of lower end' of femur, with subperiosteal deposit of bone extending some little distance up the shaft; shadow of tumour material around the bone (fig. 36 ).
Treatment.(1) (23.3.21.) Exploration; biopsy. Tumour-like tissue exposed in the region of the external condyle. Histology: Osteogenic sarcoma; polygonal cells with malignant giant cells (figs. 37 and 38). (fig. 39 ).
X-ray showed fracture through the surgical neck of the humerus; shadow of tumour tissue, and spicules of bone growing out at right angles to the shaft; some cavitation in interior of bone ( fig. 40 ). Case 22 is a sarcoma with a conventional histology in a man of 25, showing a survival period beyond the average (three years and two months). At the time of the amputation the tumour had attained a fair size, and had produced a well-marked local destruction of the lower end of the femur. The post-mortem findings were unusually interesting, the visceral dissemination consisting of a single cardiac metastasis and nothing more. The patient was treated by regular courses of Coley's fluid during the three years after amputation, and it is tempting to conclude that this therapy may have played some part in postponing the ultimate dissemination of the tumour. Case 23 is characterized by a very short clinical history, and the somewhat Section of Orthoptedics 105 unusual feature of a spontaneous fracture as the first symptom in osteogenic sarcoma. The survival period is also considerably beyond the average, viz., four years and three months. But during this time the patient has received no treatment designed to inhibit general metastasis. A reconsideration of the histology of the tumour gives little ground for criticism of the original diagnosis.
The following case, originally included in my series of osteogenic sarcomata, is interpolated as an instructive example of difficulty in histological and clinical interpretation. X-ray showed cavity in inner tuberosity of tibia with clear-cut outline; destruction of cortex on superficial aspect ( fig. 41) 
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This patient was submitted to Professor J. C. Bloodgood in 1927 as an example of osteogenic sarcoma with an unusually long survival period after amputation, and as illustrating the possible therapeutic value of a combination of Coley's fluid and deep X-ray therapy. Professor Bloodgood regarded the lesion as an atypical localized ostitis fibrosa. He suggested that the cyst in the upper end of the tibia had existed for many years, and that following an injury the lesion had become invasive. The amputation specimen is no longer available, and further microscopic sections made from the original block show nothing more than the spindle-celled histology revealed at the biopsy. This, it must be admitted, is not incompatible with a diagnosis of ostitis fibrosa.
(2) Eving's sarcoma.-To me the Ewing's sarcoma is a will-o'-the-wisp, for I have yet to meet my first example of this clinical and histological entity. At the time of the appearance of Kolodny's monograph, the American Sarcoma Registry contained forty tumours of this type; and there are sixty in the Johns Hopkins collection (Copeland and Geschickter [13] ). The somewhat unusual skeletal distribution; the involvement of the shafts of the long bones rather than the ends; the tendency to multiplicity; and the clinical picture simulating a chronic inflammatory lesion of bone, are features which distinguish this tumour from the osteogenic sarcoma. Ewing's tumour is believed to correspond to the small round-cell sarcoma of the older terminology, but its exact histogenesis-whether of endothelial or lymphoid origin-is unsettled. It has even been suggested that certain tumours of this type may be metastatic growths (Putti [14] ).
The two following tumours, included in my own series of osteogenic sarcomata and involving one of the less familiar bones, the fibula, show a predominant round-cell histology, but do not fulfil the clinical canons of the Ewing's tumour. X-ray showed outward bowing of lower third of the fibula with localized erosion on mesial surface ( fig. 44 ).
Treatment.-(30.9.27). Exploration; biopsy; amputation thigh.-Greyish, friable tumour-like tissue exposed surrounding the lower end of the fibula and burrowing into the adjacent muscles. Material set aside for rapid section; whilst awaiting the report, attempt made to resect affected bone and tumour tissue; this was found to be impossible without jeopardizing the condition of the leg. On the report that material showed histological picture of sarcoma, the limb was amputated through the lower third of the thigh. 
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(3) Extraperiosteal sarcoma.-This term is applied to tumours originating in the outer layer of the periosteum, which belong to the fibro-sarcoma group. The tumours are well encapsuled, grow slowly, and do not invade the underlying bone until a very late stage. The prognosis after excision or amputation is much more favourable than in osteogenic sarcoma, and long periods of survival may be prophesied. These characteristics are illustrated in the two extraperiosteal sarcomata from my own series. . 47 ).
X-ray showed tumour shadow around the shaft of the femur with a little cortical thickening, but no evidence of bony destruction (fig. 48) 
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Discussion.-Mr. NAUGHTON DUNN said that he had had a case of Ewing's tumour three years ago. A boy had been admitted into Wolverhampton Hospital because of pain in the thigh. Skiagrams showed a thickening of the bone, with new layers of periosteal bone, and the case presented a picture like that of osteomyelitis. The pain iD the thigh was accompanied by a rise in temperature to 1010 or 102Q F., lasted for about a week, about every third week. The femur had been opened and the cortex removed at that hospital on a diagnosis of osteomyelitis. The skiagram suggested, however, that the site of the infection had been missed. He (Mr. Dunn) admitted the boy to Coleshill Hospital, and explored the suspected infected area. There was a thickened cortex, and underneath some greyish material; and there appeared to be a cystic lining, or a fibrous tissue lining; it looked like osteomyelitis. He closed the wound, and the boy went away. He remained well six months. He (Mr. Dunn) had regarded the condition as osteomyelitis of the femur which had responded to operation and healed up. Six months later the boy returned with pain in the lower part of the femur. Every three weeks there was a recurring temperature, up to 101°or 102°F., and skiagrams suggested a chronic periostitis with osteomyelitis. He excavated the lower end of the femur, which was found to be full of the greyish material already mentioned. A specimen of this was sent for examination, and the report was that it was an endothelial tumour of bone.
The boy remained well for fifteen months, and was then re-admitted with head symptoms, and died a few weeks later.
Nov.-ORTII. 4 * Mr. C. MAX PAGE said that in one interesting group shown, that of osteoclastoma, a point in the treatment was routine curettage and cauterization. Was the cauterization effected by the use of carbolic? If so, what strength was used? Had there been any recurrences afterwards?
Had the President used radium in the treatment of other giant-celled tumours? Ifso, what results followed? In the literature he (Mr. Max Page) had not found evidences of the degree of radio-sensitiveness of these tumours. He had himself treated three by radium, and, so far apparently effectively, but they had only been under observation for two or three years. The President seemed to be relatively optimistic about the treatment of osteogenetic sarcoma with Coley's fluid and deep X-ray therapy applied to the chest at intervals. Coley's fluidhad been on the market twenty-five years, and his own view was that it had no effect on osteogenetic sarcoma; possibly he had not yet seen it properly applied. He bad submitted one patient to lead treatment after an amputation of the leg for sarcoma of the tibia. After each use of it the patient was very ill, and death took place two years after the operation.
Mr. H. A. T. FAIRBANK said that early in the present year he had had in hospital a woman, aged about 20, a typist, complaining of pain in the humerus, of a few months' duration. A skiagram showed rarefaction of the upper half of the shaft of the humerus, extending into the head. A difference of opinion had arisen as to whether the condition was malignant or inflammatory. There was a spontaneous fracture which was proceeding to unite. He explored it without finding pus, but some soft growth, pale in colour, was present inside the bone. An attempt was made to cultivate this, but it was sterile. After some hesitation the pathologist said that in his opinion it was malignant. The patient twice was treated with radium, and the condition had now cleared up entirely, within the short space of six months. All that remained was a small clean-cut notch beside the humerus, possibly caused at operation.
His own small experience of traumatic subperiosteal sarcoma had led him to believe that it was very malignant. He remembered the case of a boy who was struck on the tibia by the door of a motor car, and was dead within four months. Another patient, a girl aged 17, struck her shin against an iron stove, and two or three months later had a small swelling on the subcutaneous surface of the tibia. A section from it was reported to be sarcoma. Amputation was carried out through the thigh. Two years and a half afterwards there was no sign of malignancy. One pathologist suggested that in this case the tumour had arisen in nerve tissues. He (the speaker) did not know the reason for that suggestion; could the President give any information on the subject?
Recently he had the case of a woman, aged 70, who fell and sustained a fracture of the shaft of the femur, in its upper third. Two or three months later he saw her because union had not taken place, and he advised carrying on with the splint. Two or three months later still she had a tumour of tremendous size, with two fractures, and much rarefaction. On referring back to the early and intermediate skiagrams, there was nothing to cause 'suspicion of growth. One would not have regarded it as a spontaneous or pathological fracture. The late Professor Shattock said that he had seen only one case in which he was convinced that sarcoma had developed in callus after fracture.
The PRESIDENT (in reply) said that with reference to the treatment of the giant-celled tumour or osteoblastoma by curettage and cauterization, he meant scooping out the contents of the cyst and then swabbing it with pure carbolic acid. That was the original technique introduced by Bloodgood many years ago, and he (the President) .had found it satisfactory in cases in which the destruction had not proceeded so far that conservative treatment was out of the question. Some of the cases which he had shown to-night were neglected tumours which had caused considerable local destruction, and in those complete removal of the tumour by curettage was not to be contemplated.
He had never used radium for giant-celled tumours, except in the case of the doubtful tumour in the posterior part of the ilium to which he had referred.
His experience of Coley's fluid in the treatment of sarcoma had been very small, but some importance must be attached to the results obtained by Coley himself. Coley's view was that these toxins actually had a systemic effect, and were worth using with the idea of killing sarcoma cells which were on the point of producing secondar-y tumours. He admitted that treatment by Coley's fluid was very distressing, and that very few patients would submit to it for long. Still there was nothing else one could offer a patient after amputation.
